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Angioimmunoblastic T-cell lymphoma (AITL) is the
most frequent nodal T-cell lymphoma and is charac-
terized by a polymorphic lymph node infiltrate, var-
ious dysimmune disorders, and a poor prognosis.
Regulatory T-cells (Treg) play an emerging role in the
prognosis of non-Hodgkin B-cell lymphoma and me-
diate significant autoreactive T-cell suppression. In
this report, we demonstrate that numbers of Treg are
significantly decreased in AITL lymph nodes [n � 30,
91 (40–195) per high power fields] compared with
follicular lymphoma [n � 19, 179 (86–355)] and reac-
tive lymph nodes [n � 8, 186 (140–265)]. Moreover,
the few Treg in lymph nodes of AITL are resting Treg
(rTreg) and have a naive CD45RA� , PD1� , and
ICOS� phenotype [n � 5, 57% of Treg are CD45RA�
(16–96)] , in contrast to the Treg in follicular lympho-
mas [n � 5, 7.4% (1–13)] or reactive lymph nodes [n �
7, 18.6% (6–48)]. Interestingly, Treg depletion was
not observed in AITL peripheral blood at diagnosis.
Altogether, these data suggest that Treg depletion
could contribute to the nodal neoplastic TFH expan-
sion and dysimmune symptoms in AITL. (Am J Pathol
2010, 177:570–574; DOI: 10.2353/ajpath.2010.100150)

Angioimmunoblastic T-cell lymphoma (AITL), one of the
most frequent entities among peripheral T-cell lymphoma,1

is characterized by lymphadenopathy, B-symptoms, and
an aggressive behavior.2,3 Its natural history has been
the subject of controversy, having been considered for
many years to be a nonmalignant disorder or a dysim-
mune disease, until the clonal nature of AITL was proven
by molecular studies.4

The neoplastic cells in AITL show an immune profile
closely related to that of follicular T-helper cells (TFH),
characterized by the expression of markers such as CD4,
CD10, CXCL13, ICOS, and PD1.5–7 The putative deriva-
tion of AITL from TFH cells has also been demonstrated
recently by gene profiling studies.8 Because AITL is char-
acterized by a polymorphic proliferation and a dysim-
mune disorder, a pathogenic role for the peritumoral
immune cells is possible. Regulatory T-cells (Treg) CD4�

CD25hi FOXP3� CD127low in the tumoral microenviron-
ment play an emerging role in lymphoma growth regula-
tion.9 They are also responsible for autoreactive T-cell
suppression in T-cell lymphopoiesis, and they can control
inappropriate autoimmune responses.10 Furthermore,
they comprise different subsets referred to as CD45RA�
activated Treg (aTreg) and CD45RA� resting Treg
(rTreg).11 Several recent studies underline the prognostic
impact of Treg lymph node involvement in B-cell non-
Hodgkin lymphoma and Hodgkin lymphoma.12–14 How-
ever, Treg activity in T-cell non-Hodgkin lymphoma has
not been evaluated. We report here quantitative and
qualitative Treg evaluation in involved lymph nodes and
blood samples of AITL patients, which suggest that Treg
alteration could contribute to tumor cell development and
autoimmune associated symptoms.
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Figure 1. Immunohistochemistry in lymph node biopsies. Reactive lymph node: A (�100) and D (�200): FOXP3� cells are scattered within the interfollicular
zones. G (�100): PD1� cells are mostly located in the germinal center. J and M (�400): Double staining with FOXP3 (nuclear) and PD1 (membrane) or FOXP3
and ICOS (membrane) show few cells expressing both markers (arrows). Follicular lymphoma: B (�100) and E (�200): Numerous FOXP3� cells surround the
nodules. H (�100): Many cells with the follicles are PD1�. K and N (�400): A significant proportion of cells are double stained for FOXP3 and PD1 or ICOS
(arrows). AITL: C (�100) and F (�200): FOXP3� cells are rare and scattered. I (�100): Many cells are PD1�, including AITL neoplastic cells. L and O (�400):
Double staining with FOXP3 and PD1 or FOXP3 and ICOS do not show double-positive cells.
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Materials and Methods

Lymph Nodes and Peripheral Blood

Twenty fresh lymph node biopsies or cryopreserved lymph
node cell suspensions from AITL patients (n � 7), follicular
lymphoma (n � 6), and reactive lymph nodes (n � 7) were
analyzed. We used a distinct series of 57 formalin-fixed
paraffin-embedded lymph node biopsies from patients with
AITL (n � 30), follicular lymphoma (n � 19), and reactive
lymph nodes (n � 8). Eighteen blood samples from follicular
lymphoma (n � 6), AITL (n � 7), or healthy donors (n � 5)
were also analyzed. Experimental procedures for handling
human samples were performed according to European
Union guidelines with respect of the declaration of Helsinki.

Antibodies and Flow Cytometry (FC)

Treg are historically defined by high expression of CD25
and FOXP3, but these markers used separately become
insufficient, because activated T-cells also express CD25
and FOXP3.15 CD127 weak expression was considered to
be a preferred alternative for identification of Treg.16,17 In a
multiparametric FC approach, we gated Treg on CD4�,
CD25hi, FOXP3�, CD127low expression, and AITL cells on
CD4� and CD10� expression (see supplemental Figure S1
at http://ajp.amjpathol.org). Cells were stained with mono-
clonal antibodies by an eight-color immunostaining panel,
acquired on a CANTO II cytometer, and analyzed with
FACS DIVA software (Becton-Dickinson). Antibodies used
to phenotype Treg and AITL T-cells in peripheral blood and
lymph node cell suspension were as follows: CD127
(R34.34, PE, Immunotech), CD45RA (L48, FITC, Becton-
Dickinson), CD10 (HI10a, PE, DAKO), CD25 (2A3, PE-Cy7,
Becton-Dickinson), CD8 (SK1, Percp-Cy5.5, Becton-Dick-

inson), FOXP3 (206D, Alexa Fluor 647, Biolegend) used
after cell permeabilization, CD3 (UCHT1, Alexa Fluor 700,
Becton-Dickinson), CD4 (RPA-T4, Blue Pacific, Becton-
Dickinson), CD45 (2D1, Amcyan, Becton-Dickinson).

We estimated Treg as the CD25hi FOXP3� CD127low

percentage of the total CD4� T-cell population, as previ-
ously described.18

Histology and Immunohistochemistry (IHC)

All diagnostic samples of AITL, follicular lymphomas, and
reactive lymph nodes were reviewed by the same hema-
topathologist (D.C.). Immunohistochemistry was per-
formed on fixed tissues by the peroxidase-based method
(Dako, Ely, UK). Double stainings were performed as
previously described19 (contact Dr T. Marafioti for de-
tails). Antibodies used were FOXP3 (clone 236A/E7 Ab-
cam, Cambridge, UK), PD1 (clone NAT Abcam, Cam-
bridge, UK), and ICOS (provided by Dr T. Marafioti).
Results were scored as the mean number of FOXP3�
nuclei per high-power fields (HPF �400) evaluated in five
fields. Counts were performed in the interfollicular zones
in reactive lymph nodes and FL cases.

Statistical analysis was performed with Prism software
(GraphPad), using nonparametric Mann–Whitney and
paired Student’s t-test. P � 0.05 was considered significant.

Results

Treg Depletion in AITL Lymph Nodes

By IHC, FOXP3� cells were distributed in a scattered pat-
tern in the T-cell zones of reactive lymph nodes (Figure 1, A
and D), whereas they usually predominated around the

Figure 2. Quantitative and qualitative evaluation of
Treg by immunohistochemistry and flow cytometry.
Immunohistochemistry: A: Lymph nodes FOXP3�
cells in eight reactive lymph nodes, 19 follicular lym-
phomas (FL), and 30 AITL. There are significantly
fewer Treg in AITL than FL or reactive lymph nodes.
Flow cytometry: B: Lymph nodes FOXP3�/TCD4�
Treg in follicular lymphoma (n � 6) and AITL (n � 7).
C: Blood FOXP3�/TCD4� Treg in FL (n � 6) and
AITL (n � 7). D: Lymph nodes FOXP3� CD45RA�/
TCD4� Treg in FL (n � 5), AITL (n � 5), and reactive
lymph nodes (n � 7). E: Blood FOXP3� CD45RA�/
TCD4� Treg in FL (n � 6), AITL (n � 7), and healthy
donors (n � 5). (ns indicates nonsignificant; **P �
0.01, ***P � 0.001).
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neoplastic follicles in follicular lymphoma (FL) (Figure 1, B
and E). In contrast, FOXP3� cells were rare and scat-
tered in AITL (Figure 1, C and F). As shown in Figure 2A,
the FOXP3� cells were significantly less numerous in
AITL [n � 30, 91 (40-195) per HPF] compared with reac-
tive lymph node [n � 8, 186 (140-265)] or FL [n � 19, 179
(86-355)]. We then evaluated lymph node Treg infiltration
by eight-color FC on cell suspensions (Figure 2B). In
keeping with the IHC results, CD4�, CD25hi, FOXP3�,
CD127low Treg were significantly decreased in AITL [n �
7, 3% of CD4� T cells (0,4–8,6)] compared with FL [n �
6, 13.3% (10–16.4)].

Treg Phenotype in AITL Blood and Lymph
Nodes

We then searched for Treg depletion in diagnostic blood
samples and assessed the state of activation of the re-
sidual lymph node and peripheral blood Treg. We found
no significant difference between FL patients’ (n � 6) and
AITL patients’ blood Treg (n � 7) by eight-color FC,
suggesting a local origin of the Treg depletion observed
in the lymph nodes (Figure 2C).

Next, we evaluated levels of CD45RA� resting Treg
(rTreg) in peripheral blood and lymph nodes of AITL, FL,
or healthy donors. As shown in Figure 2D, CD45RA�
rTreg are significantly increased in AITL lymph nodes
[n � 5, 57% of Treg are CD45RA� (16–96)] compared
with FL [n � 5, 7.4% (1–13)], and also increased com-
pared with healthy controls [n � 7, 18.6% (6–48)]. Pe-
ripheral blood Treg (Figure 2E) are mostly naïve and not
activated in AITL [n � 7, 41% (4–67)] in contrast to those
isolated from FL [n � 6, 11.2% (5–31)] and healthy do-
nors [n � 5, 24.8% (9–39)]. These results demonstrate
that Treg depletion in AITL is a local nodal phenomenon
and that residual Treg in lymph nodes or peripheral blood
are predominantly CD45RA� rTreg. By contrast, Treg in
FL appear to be mostly activated Treg (aTreg).

To confirm these data, we then performed double-
immunostaining with PD1 and ICOS. These markers are
expressed by normal TFH and neoplastic TFH-cells in
AITL20,21 as well as in activated Treg.22,23 In reactive
lymph nodes, FOXP3� cells predominate at the periph-
ery of germinal centers (Figure 1D), and PD1� cells are
mainly found inside the germinal centers (Figure 1G).
Rare interfollicular cells coexpress PD1/FOXP3 or ICOS/
FOXP3 (arrows in Figure 1, J and M). In FL, FOXP3� cells
preferentially surround neoplastic follicles, with a minority
being located within neoplastic follicles (Figure 1E),
where numerous PD1� cells are found (Figure 1H), and
some cells have a PD1�/FOXP3� phenotype (arrows in
Figure 1, K and N). In AITL, FOXP3� cells are scattered
and rare (Figure 1F), whereas, as expected, numerous
neoplastic cells express PD1 (Figure 1I). In most AITL,
PD1�/FOXP3� or ICOS�/FOXP3� cells were rare (Fig-
ure 1, L and O). These data suggest that in AITL, a
minority of Treg express the activation proteins ICOS and
PD1 and as such are mostly naïve.

Discussion

Regulatory T-cells (Treg) play an emerging role in the
prognosis of non-Hodgkin B-cell lymphoma and mediate
significant autoreactive T-cell suppression.12–14 To date,
few data are available for the nodal Treg infiltration in the
T-cell lymphoma. In this report we show that angioimmu-
noblastic T-cell lymphoma, considered to be an unfavor-
able and aggressive T-cell lymphoma, is associated with
a decreased lymph node Treg infiltrate compared with
follicular lymphoma and reactive lymph nodes. Within the
FL context, an increased Treg infiltration has been shown
to correlate with improved survival,13 whereas decreased
Treg lymph node infiltration can predict unfavorable
outcome.14

Taken together, we show a reduced infiltration of Treg,
which are mostly rTreg in AITL, potentially contributing to
the autoimmune symptoms, as described in systemic
lupus11 and that could participate in the poor prognosis
of AITL. However, the cause of this Treg depletion and
the mechanisms of interaction between AITL neoplastic
T-cells and Treg remain to be defined. PD1 is known to
be expressed by the AITL neoplastic T-cells and also to
be involved in the Treg negative regulation. It is possible
that the PD1 pathway is involved in down-regulation of
the Treg population observed in AITL.18,21

So, it is tempting to hypothesize that Treg depletion in
AITL neoplastic lymph nodes could therefore be involved
in AITL pathogenesis and be responsible for the poor
prognosis and dysimmune state found in this disorder.
Restoring Treg level and activation status in this pathol-
ogy could represent a potential for therapeutic interven-
tion that deserves further investigation. Overall, our data
open new perspectives in understanding the dysimmune
disorders, tumoral growth, and the poor prognosis ob-
served in AITL.
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